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IMAGE HEATING APPARTUS AND 
IMAGE FORMING APPARATUS 

FIELD OF THE INVENTION AND RELATED ART: 

The present invention relates to an image 
heating apparatus and an image forming apparatus. 

An image forming apparatus of an 
electrophotographic type normally Includes an i mage 
heating apparatus or fixing apparatus which receives a 
transfer material having toner electrostatically 
attracted thereon, the toner being made of resin 
material, magnetic material, coloring material or- the 
like. m the fixing device, the transfer material is 
nipped and fed by a nip formed by heating means 
(roller, endless belt member or the like) and pressing 
means (roller, endless belt member or the like) which 
are press-contacted to each other, during which the 
toner is fused and fixed by heat and pressure. The 
present invention relates also to a heating apparatus 
of a heating belt type and an image forming apparatus 
provided with a heating apparatus as a fixing device, 
the heating apparatus comprising a flexible belt 
(film) which is movable and is heated by heating 
means. «. back-up member supporting t the belt. a 
pressing member for forming the nip i n cooperation 
with the back-up member with the belt therebetween, 
wherein a material to be heated is Introduced into 
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between the belt and the pressing member at the nip 
that material to be heated is heated by the heat of 
the belt while being fed. The heating apparatus of 
the heating belt type is used as an image heating 
device such as a fixing device for fixing an unfixed 
toner image formation on the recording material in an 
image forming apparatus (copying machine, facsimile 
machine, printer or the like) of an 

electrophotographic type or the like on a recording 
material by beat and pressure, a temporary fixing 
device for temporarily fixing the unfixed image on the 
recording material, or a surface property improving 
device for improving a surface property of the 
recording material carrying the fixed Image. in 
addition to the image heating device, the present 
invention is applicable to heating means for heating a 
sheet- like member, for example, in a heat -pressing 
apparatus for removing crease for paper bill or the 
like, a heat lamination apparatus, a heat-drying 
device for evaporating water contained in paper. 

The description will be made as to an 
exemplary image fixing device for an image forming 
apparatus such as a copying machine, printer or the 
like, wherein the fixing device fi xes a toiler image on 
a recording material by heating and pressing the 
recording material . 

1) A heating roller type fixing device: 
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In a widely used Heating roller type fixing 
device for an image forming apparatus, an unfixed 
image (toner image) corresponding to image information 
formed on a recording material is fixed into a 
permanent fixed image by heat and/or pressure, wherein 
the toner image is formed directly on the recording 
material or through an image Lranfser process by image 
forming process station of an electrophotographic 
process, electrostatic recording process, magnetic 
recording process or another proper type on a 
recording material such as a transfer sheet, an 
electrofax sheet, an electrostatic recording sheet, an 
OHP sheet, a print sheet, a format paper, an envelope 
or the like. 

The fixing device of a heating roller type 
comprising as basic elements a fixing roller (heating 
element) enclosing a halogen heater or the like 
(heating source), and a pressing roller (pressing 
member) press-contacted thereto. The rollers are 
rotated, and a recording material carrying an unfixed 
image is introduced into a press-contact nip (fixing 
nip) formed between the rollers. By the heat from the 
fixing roller and the pressure applied by the fixing 
nip, the unfixed image is fixed on the recording 
material into a permanent fixed image. 

The heating roller type fixing device is used 
in a monochromatic image forming apparatus and a full- 
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color image forming apparatus, as well. However, 
since a thickness of toner layer or layers on t 
recording material is larger in a full-color image 
than in a monochromatic image, and therefore, an 
amount of the deposited toner is large, it is 
desirable that length of the fixing nip measured in 
the feeding direction of the recording material 
(fixing nip width) is as large as possible, so that 
unfixed toner image on the recording material is 
heated at a temperature as low as possible for a long 
time in the printing step (fixing step). 

In order to improve the glossiness of the 
recording material or the reproducibility of 
transparent color in an OHP recording material p a 
15 full-color fixing device of a heating roller type is 

widely used wherein the fixing roller and the pressing 
roller are provided with surface layers (heat 
resistive elastic layers) having highly smoothed or 
mirror surfaces. 

However, in a full-color fixing device of the 
heating roller type, when the diameter of the roller 
is increased in an attempt to enlage the nip width, 
the fixing device and therefore the entirety image 
forming apparatus are upsJzed. On the other hand, if 
the thickness of the surface layer of heat resistive 
elastic member is increased, the surface layer 
temperature of the fixing roller lowers due to the 
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decrease of the heat supply speed attributable to the 
heat conduction from the heating source to the surface 
layer of the fixing roller, even to such an extent 
that unfixed toner cannot be fixed on the recording 
material (fixing defect). in order to avoid this, the 
printing speed is not enough to provide a required 
throughput (the number of prints per unit time), that 
is. not enough to follow the coming print data. 

In order to downsize the fixing device while 
assuring the high throughput in the full-color fixing 
fixing device, it is important to assure a large nip 
width while not decreasing the heat supply speed. 
However, as an enlarging method for the nip width, 
there are only the increase of the roller diameter and 
the increase of the thickness of the heat resistive 
elastic member. Therefore, there Is a difficulty or 
limit in meeting the desire. 

2) Fixing device of fixing belt type (heating 
belt type) ; 

In order to break the limit, a fixing device 
of a fixing belt type has been proposed in which the 
fixing belt is press -contacted to the pressing roller 
to form a nip . 

The fixing device of the fixing belt type has 
a heating source disposed at a position away from the 
fixing roller so that warming-up time is reduced, and 
an endless type fixing belt is extended around the 



elastic roller and the heating roller, and the fixing 
roller and the pressing roller are pressed toward each 
other with the fixing belt therebetween. The 
recording material carrying the unfixed image Is 
introduced into the nip formed therebetween (fixing 
nip), so that unfixed image is fixed Into a permanent 
image on the recording material by the heat from the 
fixing belt and the fixing roller from the fixing nip. 

In the fixing device of the fixing belt type, 
a large nip width can be easily y assured as compared 
with the heating roller type by reducing the hardness 
of the elastic fixing roller. In addition, since the 
fixing belt having a small thermal capacity is heated 
by the heating roller, the fixing belt can be quickly 
heated, and the recording material can be heated 
without reduction of the heat supply speed. Thus, the 
warming-up time can be reduced, and a high speed 
printing is possible with a small size structure. 

When the fixing belt type is used in the 
fixing device of the image forming apparatus, the 
conventional elastic fixing roller of the low hardness 
is such that outer diameter of the elastic fixing 
roller at the longitudinally central portion Is larger 
than the outer diameter at the longitudinal end 
portions, as disclosed in Japanese Laid-open Patent 
Application Hei 09- 090787 and Japanese Laid-open 
Patent Application2002- 333769. With such a 
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structure, when the belt is rotated, the belt Is 
prevented to shifting toward the central portion, and 
by making the rotation distance at the central portion 
larger than the rotation distance at the end portions, 
the central portion of the belt is prevented from 
slacking . 

However, in Japanese Laid-open Patent 
Application2002- 333769, there is disclosed a 
structure in which the outer diameter of the fixing 
roller at the central portion is larger than at the 
opposite end portions, and outer diameter of the 
pressing roller at the central portion is smaller than 
at the opposite ends portions. When the fixing 
operation continues for a long time with such a 
15 structure, the pressing roller becomes warmer with the 
result that nip widths at the opposite end portions 
become larger than at the central portion due to the 
thermal expansion difference caused by the difference 
in the rubber layer thickness between the central 
portion and the opposite end portions. As a result, a 
distribution or Lhe nip width with respect to the 
direction of the generating line of the roller changes 
from the initial stage of the fixing operation such 
that difference in the nip width between the central 
portion and the end portions becomes larger after a 
long time continuing fixing operation. In view of 
this, a straight configuration of the pressing roller 
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is preferable to avoid glossiness non-uniformity with 
respect to the axial direction of Lne roller which may 
otherwise occur after a long time fixing operation. 
It is required to prevent paper crease which 
relatively easily occur with the straight 
configuration roller. 

SUMMARY OP THE INVENTION: 

Accordingly, it is a principal object of the 
present Invention to provide an image heating device 
and an Image forming apparatus wherein a glossiness 
non-uniformity and paper crease production can be 
effectively prevented. 

It ts another object of the present invention 
to provide an image heating device and an image 
forming apparatus wherein a feeding performance of the 
belt is stabilized, and the image defect can be 
prevented . 

According to an aspect of the present 
invention, there is provided an image heating device 
Includes a movable belt for heating an image on a 
recording material; a supporting member, having an 
elastic layer, for supporting the belt, the supporting 
member having an outer dieter which is larger in a 
central portion than at opposite end portions; a 
Pressing rotatable member, pressed toward the 
supporting member with the belt Interposed 
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therebetween, for forming the nip for nipping and 
feeding the recording material; and pressing means for 
supporting opposite end portions of the supporting 
member and for pressing the supporting member and the 
5 pressing rotatable member toward each other: wherein a 
surface hardness of the supporting member through the 
belt ia smaller than a surface hardness of the 
pressing rotatable member, and the pressing roller has 
a straight configuration in a longitudinal cross- 
10 section. 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 
present invention taken in conjunction wiLh the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Figure 1 illustrates a schematic general 
arrangement of an exemplary image forming apparatus. 

Figure 2 is a schematic cross-sectional view 
of a fixing device according to an embodiment of the 
present invention. 

Figure 3 is a schematic longitudinal 
sectional view taken along a line (3) - (3) in Figure 
2. 

i i 
Figure 4 is a schematic view of a flat 
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surface configuration of the fixing roller and the 
fixing nip in Embodiment 1 of the present invention. 

Figure 5 is a schematic sectional view of the 
fixing nip in Embodiment 1 of the present lnvenLlon. 

V Figure 6 is a schematic views of a 
configuration of the fixing roller a flat surface 
configuration of the fixing nip according to 
Embodiment 2 of the present invention. 

Figure 7 is a schematic view of a 
configuration of a pressing roller. 

Figure 8 Is a schematic sectional view of a 
fixing device according to Embodiment 4 of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT; 
15 Embodiment 1 

(1) Example of image forming apparatus 

Figure 1 is a schematic view of an example of 
an image forming apparatus provided with a fixing 
device as an image heating device according to an 
embodiment of the present invention. The image 
forming apparatus of this embodiment is a full color 
printer of a tandem type having an automatic both- 
side-printing function, using an electrophotographic 
process . 

Designated by Y, M F C and B are first - 
fourth image forming stations disposed in this order 
from the right side in the drawing. 
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Each of the image forming stations Y. M, C, 
and B is an electrophotographic processing mechanism 
comprising an image bearing member in the form of a 
rotatable drum type electrophotographic photosensitive 
member 31. an exposure device 33 such as a charging 
device 32 , a laser scanner, LED array or the like, a 
developing device 34 , a cleaning device 35 and so on. 
The photosensitive member 31 is rotational driven in 
the clockwise direction indicated by an arrow at a 
predetermined peripheral speed. 

The first image forming station Y forms a 
yellow component toner image of the full-color image 
on the surface of the photosensitive member 31. The 
second image forming station M forms a magenta 
component toner image of the full-color image on the 
surface of the photosensitive member 31. The tl^ird 
image forming station C forms a cyan component toner 
image of the full-color image on the surface of the 
photosensitive member 31. The fourth image forming 
station B forms a black component toner image of the 
full-color image on the surface of the photosensitive 
member 31. The toner image forming process in each of 
the image forming station Is the one which is well- 
known, and therefore P the description thereof is 
omitted for simplicity. 

Designated by 36 is a transfer belt extended 
around a plurality of supporting rollers 37, and is 
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disposed below the r irst-f ourth Image forming stations 
Y. M # C, D. The transfer belt 36 is rotated in the 
counterclockwise direction indicated by an arrow at a 
peripheral speed corresponding to the peripheral speed 
of the photosensitive member 31. 

Designated by 38 is a transferring electrode 
roller is disposed below the photosensitive member 31 
of each of the first- fourth image forming stations so 
as to be pressed toward the photosensitive member 31 
with the transfer belt 36 therebetween to form a 
transfer nip. Designated by 39 is a transfer bias 
application voltage source for applying a transfer 
bias voltage to the transferring electrode rollers 38. 
and it applies the predetermined transfer bias voltage 
having a polarity opposite to the charge polarity of 
the toner at predetermined control Liming. 

Designated by 40 is a sheet feeding path, 
along which a recording material (transfer material) 
singled out of an unshown sheet feeding mechanism 
portion is fed to a first image forming station side 
end portion of the transfer belt 36. Designated by 43 
is a manual feed tray from which a recording material 
P can be fed manually. 

The transfer belt 36 electrostatically 
attracts t fed recording material P or grips 1 t by a 
chuck, and carries the recording material through the 
transfer nips of the first, second, third and fourth 
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image forming stations Y, M, C and B. By this, a 
yellow toner Image, a magenta toner Image, a cyan 
toner image and black toner image are sequentially 
transferred in a registered superposing relationship 
on the same surface of the recording material P. thus 
forming a full-color toner image. 

The recording material P having passed 
through the transfer nip of the image forming station 
B is separated from the transfer belt 36. and is 
introduced into the fixing device 101 (heating 
apparatus) so that transferred (unfixed) toner image 
is fixed. 

In the monochromatic printing mode, only Lhe 
fourth image forming station B for forming the black 
toner image is operated - 

In the case of a one side-printing mode, the 
recording material P discharged from the fixing device 
101 is discharged to the outside through sheet path a. 

In the case of automatic both-side-printing 
mode, the recording material P now having the printed 
image on the first surface and discharged from the 
fixing device 101 is introduced into a sheet path b by 
switching of a flapper 41 and is fed to re- 
circulation/feeding mechanism and is Introduced into 
the switch-back path c. and is then switched back and 
fed to the sheet path d by switching the flapper 42. 
Thus, the recording material is refed to the first 
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image forming station Y side end of the transfer belt 
36 with the face orientation reversed. Then, the 
toner image is transferred onto the second surface of 
the recording material P and is refed into the fixing 
device 101 , so that toner image is fixed on the second 
surface side of the recording material. The recording 
material P discharged from the fixing device 101 is 
discharged along the sheet path a to the outside. 
(2) Fixing device 101 

Figure 2 is a schematic cross-sectional view 
illustrating a substantial structure of a fixing 
device 101 (image heating device) in this embodiment. 
Figure 3 is a schematic longitudinal sectional view 
taken along a line (3) - (3) of Figure 2. 

The fixing device 101 comprises a fixing 
roller 2 (supporting member), a heating roller 3 
(heating member), an endless fixing belt i (flexible 
belt) extended around the fixing roller 2 and the 
heating roller 3 with a predetermined tension, a 
pressing roller 4 (pressing rotatable member) pressed 
toward the fixing roller 2 with the fixing belt 1 
therebetween, and heaters 5. 6, provided in the 
heating roller 3 and the pressing roller 4, 
respectively, for heating the fixing belt. a 
recording material P is introduced into the nip 
(fixing nip) formed between the pressing roller 4 and 
the fixing belt 1 and is fed by the nip. By this, the 
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unfixed toner Image T carried on the recording 
material P Is heated and pressed by the heat of the 
fixing belt 1 which is heated by the heating roller 3 
supplied with the heat from the heater 5. the heat of 
the pressing roller 4 which is heated by the heater 6 
and the pressure of the fixing nip N, so that toner 
image is fixed on the recording material. 

In this embodiment , the pressing roller 4 is 
rotatably supported by bearings at a fixed position in 
the fixing device at the opposite ends, and Lhe fixing 
roller 2 Is rotatably supported by bearings at the 
opposite ends so as to be pressed toward the pressing 
roller 4 with the fixing belt 1 therebetween by 
pressing mechanisms K including springs or the like at 
the opposite ends. Between the fixing belt 1 and the 
pressing roller 4 are press-contacted to each other to 
form a nip for receiving a recording material P 
carrying an unfixed toner image T to heat, fuse and 
press the toner image T to fix the toner image T on 
the recording material P. The heating roller 3 is 
rotatably supported by the bearings at the opposite 
ends and is pressed by a pressing mechanism so as to 
apply a predetermined tension to the fixing belt 1. 
tlws functioning as a tension roller. 

The fixing belt 1, the fixing roller 2, the 
heating roller 3 and the pressing roller 4 are rotated 
by a driving source. 
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In this embodiment, the pressing roller 4 is 
rotated In the direction of an arrow X by a driving 
source of a main assembly of the image forming 
apparatus. The fixing belt 1 Is rotated In the 
direction of an arrow Y by t rotation of the pressing 
roller 4 through frictional force between the pressing 
roller 4 and the outer surface of the fixing belt 1. 
In addition, rotating forces are applied to the he 
fixing roller 2 and the heating roller 3 by the 
friction between the inner surface of the fixing belt 
1 and the outer surfaces of the fixing roller 2 and 
the heating roller 3. Accordingly, by the rotation of 
the pressing roller 4, the flying belt 1, the fixing 
roller 2 and the heating roller 3 are rotated 
substantially at the same peripheral speed of the 
pressing roller 4 (pressing roller driving type). 
When the recording material P is inserted into the 
fixing nip N, the rotations are caused by the 
frictional forces between the pressing roller 4 and 
the recording material P and between the recording 
material Page and the fixing belt 1 . 

The fixing roller 2 and the pressing roller 4 
are operatively connected by an oneway gear provided 
at an end or the fixing roller 2 and a gear. When 
slip occurs between the pressing roller 4 and the 
fixing belt l or between the pressing roller 4 and the 
fixing belt 1 through the recording material P, the 



fixing roller 2 is driven by the one-way gear to keep 
the substantially the same peripheral speeds between 
the pressing roller 4 and the fixing belt 1. 

Before and after the pressing roller 4, there 
are provided an entrance guide 9 and a sheet discharge 
guide 10 for constituting a feeding path for feeding 
the recording material P carrying the toner image T. 
(1) fixing belt 1 

In order to improve a quick start performance 
and to reduce the thermal capacity, the fixing belt l 
is preferably as follows. The film thickness is 
preferably not more than 150pm and further preferably 
30- 80pm. It is of a single layer structure of a 
material comprising fluorine resin material as a main 
component, such as PTFB. PFA or PEP (heat resistive 
material), or it is of a multi-layer structure 
comprising a base layer (endless belt) of a resin 
material such as. polyimide. polyamide-lmide. 
polyetheretherketone (PEEK), polyethersulf one (PES), 
polyphenylenesulride (PPS) or the like, or a material 
comprising as a main component metal material such as 
nickel (Ni), stainless steel (SUS) or the like, and a 
parting layer, provided on the outer surface thereof, 
of a material comprising as a main component fluorine 
resin material such as polytetraf luoroethylene ( PTFE ) 
perfluoroalkoxylalkane (PFA) . tetraf luoroethylene 
(FEP) . 
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In the case of a full -color image forming 
apparatus, the multi-layer may be such that base layer 
may be coated with a heat resistive elastic layer of 
silicone rubber, fluorine rubber or the like having a 
thickness of approx. 100um-800um to provide a high 
glossiness by uniformly fusing the toner image surface 
into a smooth surface. In this case. It is desirable 
to employ an oil applicator for applying the oil onto 
a fixing belt 1 in order to prevent toner offset by 
enhancing parting property between the fixing belt 1 
and the toner image T on the recording material p (oil 
application type fixing device). 

Or, another multi-layer structure wherein the 
outer surface of the heat resistive elastic layer of 
said silicone rubber or the like is coated with a 
parting layer of a material comprising as a main 
component fluorine resin material such as PTFE , PFA. 
FEP or Lhe like. In this case, the oil applicator for 
applying the t oil onto the fixing belt l may be 
omitted, so that low cost oil-less type fixing device 
is accomplished. 

In this embodiment, an oil-less fixing device 
is used, wherein the outer surface of polyimide resin 
material having a thickness of 50pm (base layer) is 
coated with a heat resistive elastic layer of silicone 
rubber having a thickness of 300um. and Lhe outer 
surface thereof is coated with a parting layer of pfa 
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tube having a thickness of 30ym. The flexible fixing 
belt 1 has the total thickness of 380pm and the inner 
diameter of 60mm. The surface hardness is 85° (Asker 
C hardness meter). 
(2) Fixing roller 2 

The fixing roller 2 has a core metal 2a which 
is coated with a heat resistive elastic layer 2b of 
silicone rubber, fluorine rubber, a silicone sponge 
which is effective to provide a high heat insulation 
property to permit the quicker temperature rise of the 
fixing belt 1. or the like. 

In this embodiment, the fixing roller 2 
comprises a core metal 2a of steel having an outer 
diameter of 014mm. and the outer surface thereof is 
coated with a silicone sponge layer 2b having a 
thickness of 8mm. The hardness is 40° (Asker C 
hardness meter), and the thermal conductivity of the 
silicone sponge is 0 . 08 [W/ (m- °C) ] . The outer 
diameter of the fixing roller 2 is approx. 30mm. 
(3) Heating roller 3 

The heating roller 3 containing the heater 5 
therein is made of a metal pipe comprising as a main 
component a metal material such as aluminum, steel or 
the like having a high heat conductivity and having a 
small diameter and small thickness in order to improve 
the quick start property. 

The fixing belt 1 is heated by the heater 5 
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through the heating roller 1, and the temperature of 
the heating roller i is detected by a temperature 
detecting element (thermister) 7. In response to the 
detection, the heater 5 Is on-off-controlled to 
control the temperature of the heating roller l at a 
Proper level so as to maintain the surface temperature 
of the fixing belt l at a predetermined level. 

In this embodiment, the use is made with an 
aluminum heating roller 3 having a thickness of 1mm 
and an outer diameter of 24mm, and a halogen heater as 
the heater 5. 
(4) Pressing roller 4 

in the case that pressing roller 4 comprises 
a core metal 4a coated with a heat resistive elastic 
layer 4b such as silicone rubber, fluorine rubber or 
the like, the heating apparatus is an oil application 
type fixing device, since oil application to the 
fixing belt l is desirable. The apparatus may be an 
oil-less fixing device when the outer surface of the 
heat resistive elastic layer 4b is coated with 
fluorine resin material layer of PTFE, PFA , FE P or the 
like to enhance a surface property of the pressing 
roller 4 and the parting property relative to the 
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In this embodiment, the use Is made with an 
oil-less fixing device having a pressing roller 4 in 
which an outer periphery surface of a core metal of 
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steel 4a having a straight configuration and having a 
thickness of lmm is coated with a heat resistive 
elasLic layer 4b of silicone rubber with a thickness 
of 2mm which is uniform in the direction of a 
generating line of the pressing roller, and the outer 
surface thereof is further coated with a parting layer 
4c of PFA tube having a thickness of 50pm. The outer 
diameter of the pressing roller 4 is 40mm, and the 
hardness is 70° (Asker C hardness meter). 

The pressing roller has a straight 
configuration so that outer diameter is uniformly 40mm 
at the longitudinal center portion and at Lhe end 
portions. 

In order to raise the temperature of the 
fixing belt 1 to the predetermined temperature 
quickly, this embodiment employs a halogen heater 6 In 
the pressing roller 4 and a temperature detecting 
element (thermister) 8 to detect the temperature of 
the pressing roller 4. The heater 6 is on-off- 
controlled in response to the detection to control the 
temperature of the pressing roller 4. However, the 
heater 6 may be omitted, only the heater 5 is used as 
the heating source, depending on the cases. 
(5) Toner 

The toner used in the oil-less fixing device 
is preferably toner internally containing oil or oil 
dispersed toner from the standpoint of prevention of 
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cold offset and/or hot offset or Improvement in the 
separation property from the fixing belt 1 and/or the 
pressing roller. m this embodiment, the oil-less 
fixing device is employed with the toner internally 
containing oil. 
(3) Fixing nip configuration 

1) in the fixing device 101 of this 
embodiment, as shown in Figure 4, (a), the rixing 
roller 2 has a positive crowning configuration an 
outer diameter C at the central portion in the maximum 
sheet passing width is larger than the outer diameters 
An and B at the end portions, and the pressing roller 
has a straight configuration, so that configuration of 
the fixing nip N formed between the fixing belt 1 and 
Lhe pressing roller 4 is such that width of the fixing 
nip at the central portion with respect to the 
longitudinal direction of the fixing nip is slightly 
larger- than those at the end portions, as shown in 
Figure 4. (b) with exerggeration. 

The description will be made as to the reason 
why this nip configuration is provided despite the 
fact that fixing roller 2 has a positive crowning 
configuration. 

In this embodiment, the surface hardness of 
the fixing roller 2 measured through the belt is 65° 
(Asker C hardness meter). an d the surface hardness of 
the pressing roller is 70° (Asker C hardness meter). 
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when the pressing roller is press-contacted to the 
fixing roller through the belt, the positive crowning 
portion of the fixing roller is relatively easily 
deformed, since the fixing roller through the belt has 
a surface hardness lower than that of the pressing 
roller. As a result, the nip widths at the end 
portions are lightly larger than that as the central 
portion since the Influence of the positive crowning 
configuration of the pressing roller is relatively 
smaller in the nip and since the pressure is 
relatively larger at the end portions because of the 
bending of the fixing roller. Therefore, the hardness 
of the fixing roller through the belt is preferably 
smaller than that of the pressing roller." 

With such a surface hardness relation, the 
nip configuration in which the widths at the end 
portions are relatively larger can be provided despite 
the straight configuration of the pressing roller. As 
a result, the paper feeding with suppressed production 
of paper crease can be accomplished. 

Wnen the fixing operation is continuously 
carried out. the temperature of the pressing roller 
rises with the result of thermal expansion in the 
elastic layer of the pressing roller. However, since 
the pressing roller has the straight configuration, 
the thermal expansion difference in the longitudinal 
image forming range Is small, so that difference in 



the nip width in the direction of the roller hardly 
changes as compared with the width before the start of 
the continuous fixing operation. 

Therefore, even if the thermal expansion of 
the pressing roller occurs due to long time fixing 
operation, glossiness non-uniformity in the direction 
of the generating line of the roller can be prevented. 

Using a fixing device 101 having a maximum 
sheet passage width is 297mm ((A3 paper longitudinal 
sheet feed), recording materials P carrying unfixed 
toner images T were processed under the conditions of 
the recording material feeding speed of 104mm/sec , the 
total pressure of the pressing mechanism K (total of 
the pressures at the opposite ends) of 3O0N (approx. 
30Kgf), the surface temperature of the fixing belt of 
180°C. 

The fixing roller 2 had a positive crowning 
configuration, as shown in Figure 4, (a), with the 
central portion outer diameter C of 30mm. the end 
portion outer diameter A=D of 29.7mm, the positive 
crowning of 300pm (crowning ratio of 0.3/29.7 
xlOO-1.01%), and the pressing roller had a straight 
configuration with the outer diameter of 40mm at the 
central portion and the end portions. With this 
combination providing the nip configuration having a 
relatively larger diameters at the end portions as 
shown in Figure 4. (b), continuous fixing operation 
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for full-color image were carried out, and the 
glossiness difference between the central portion and 
the end portions did not increase, and the paper 
crease did not occur. 

Here, the positive crowning degree of the 
fixing roller 2 Is defined as follows with the outer 
diameters An and B at the opposite ends of the maximum 
sheet processing width of the fixing roller 2 and the 
outer diameter C 2 at the central portion of the 
maximum sheet processing width of the fixing roller 2: 
Positive crowning degree = C - (A+B)/2 
The positive crowning degree of the fixing 
roller 2 is not limited to these figures, and is 
properly determined by one skilled In the art in 
consideration of the thickness, the hardness of the 
heat resistive elastic layer 2b of the fixing roller 
2, the rigidity of the core metal 2a, the thickness 
and the hardness of the heat resistive elastic layer 
4b of the pressing roller 4. the rigidity of the core 
metal 4a. the pressure of the pressing mechanism K, 
the paper feeding speed and so on, in the structure of 
the fixing device and the structure of the image 
forming apparatus. 

However, if the degree of the positive 
crowning is too large, the configuration of the fixing 
nip N becomes such that fixing nip width is small at 
the end portions, and large in the central portion. 
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with the result of non-uniformity in the fixing 
property or non-unlf ormtty in the color image 
particularly property SuC h as chromat iclty or the lik 
or in the glossiness. Therefore, it is preferable 
that nip widths at the end portions are relatively 
larger with the smallest possibe degree of the 
positive crowning. 

2) The pressing roller 4 preferably has a 
small thermal capacity since then the pressing roller 
4 takes less heat from t f lx i ng belt 1. and therefore, 
the temperature of the pressing roller 4 quickly rises 
to Permit quick start of the fixing belt 1. To 
accomplish this, the thickness of the core metal 4a of 
the pressing roller 4 is sn.aH . and the thickness of 
the heat resistive elastic layer 4b of the pressing 
roller 4 is small. However, if th heat resistive 
elastic layer 4b is thin, the width of the fixing nip 
N is small. 

In order to provide a larger width of the 
fixing nip N, it is required that fixing roller 
hardness is small, and therefore, it is preferable 
that hardness of the fixing roller 2 < the hardness of 
Lhe pressing roller 4. 

By the hardness of the fixing roller 2 < the 
hardness of the pressing roller 4. the cross-sectional 
configuration of the fixing nip N , as shown in the 
schematic sectional view of the fixing nip n. is 
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convex up. so that separation property between the 
fixing belt l and the toner is enhanced. By this, the 
separation defect of the recording material P sticking 
on the fixing belt X after passing through the fixing 
nip N and not separating from t fixing belt 1. can be 
prevented . 

The hardness of the fixing roller 2 is 
preferably low from the standpoint of providing large 
fixing nip N width, more particularly, not more than 
60° (Asker C hardness meter). However, since the 
fixing roller 2 ls ariven through the frlction&1 fQrce 
between the fixing roller 2 and the fixing belt l. the 
fixing roller 2 is required to have a proper degree of 
strength. m view of this, the hardness of the fixing 
roller 2 is preferably not less than 10° (Asker C 
hardness meter). 

3) in the case that heater is not contained 
in the fixing roller 2 as in the fixing device 101 of 
this embodiment, a heat insulation structure is 
preferable to prevent the fixing roller 2 taking heat 
from the fixing belt 1 since then the temperature 
rising speed of the fixing belt 1 is high. To 
accomplish this, the thermal conductivity of the heat 
resistive elastic layer 2b of the fixing roller 2 ,. s 
preferably small, more particularly, the thermal 
conductivity of the heat resistive elastic layer 2b is 
not more than 0 . 16 [W/( m . °C) ] . 
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In order to enhance the heat insulation 
effect, the heat resistive clastic layer 2b is 
preferably not made of solid rubber, but is preferably 
sponge-like material (elastic layer) comprising air 
layer exhibiting a high heat insulation effect. Uslng 
the sponge-like elastic layer, the degree of the 
Positive crowning can be made smaller then ,n the case 
of solid rubber elastic layer, since the bending of 
the fixing roller 2 and/or the pressing roller 4 is 
accommodated by the air layer. When the positive 
crowning configuration of the fixing roller 2 is given 
by abrasion, the abrading amount can be reduced so 
that manufacturing time is saved, and therefore, the 
low cost and the reduction of waste generation J S 
accomplished ♦ 

in this embodiment, the apparatus has been 
described as being an oil-less fixing device in which 
the surface layer of the fixing belt 1 and the surface 
layer of the pressing roller 4 are parting layers of 
fluorine resin material or the like, and the used 
toner internally contains oil. However, the present 
invention is applicable with the same advantageous 
effects to an oil application type fixing device 
wherein the surface layer of the fi« n(! be it a an(i ttle 
surface layer of the pressing rollers are heat 
resistive elastic layers of silicone rubber or the 
like, and an oil applicator is used to apply oil to 
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the fixing belt i and/ox- the pressing roller 4. The 
oil~less fixing device, as compared with an oil 
application fixing device, cold offset and hot offset 
tend to occur, and the separation performance of the 
toner relative to the fixing belt l a „ d/or the 
pressing roller 4 is low. 

When this embodiment i s Used with an oil-less 
"xing type device, the advantages in the uniform 
"xing property, the color image particularly property 
such as the chromaticity, the lightness, the 
cbromaticity and so on. uniform glossiness. and the 
like, are more remarkable than when it i s used with 
the oil application type fixing device. 

As described in the foregoing, despite the 
straight configuration of the pressing roller, the 
change in the nip width with respect to the 
longitudinal direction can be reduced, and therefore, 
the feeding performance of the belt is stabilised, 
even if thermal expansion of the elastic layer of the 
pressing roller is produced. 
Embodiment 2 

The descriptton will be made as to Embodiment 

in Embodiment 1. the configuration of the- 
fixing roller 2 ls Such that outer d±anieter Qf ^ 

fixing roller 2 is non-liuearly decreased from the 
central portion to the end portions. In the second 
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en.bodln.ent, as shown l„ Figure 6. (a) with 
exaggeration, the outer dlameters of ^ opposlte ^ 
Portions are linearly decreased (positive taper 
configuration) so that fixing nip N has a flat surface 
configuration in which the widths at the end portions 
are large as shown in Figure 6, (b) . with this 
structure, too. the rotation diameter of the belt is 
larger in the central portion than at the end 
portions, the problem of shift of the belt toward the 
center can be avoided. The surface hardness of the 
fixing roller, the surface hardness of toe pressing 
roller and the surface hardness of the fixing roller 
are the same as with Embodiment 1. 

The combination of the fixing roller 2 having 
the positive taper configuration and the pressing 
roller having the straight configuration is also 
effective to provide the nip N configuration having 
the larger width at the end portions, and therefore 
the same advantageous effects as the En-bodlment 1 can 
be provided. 

Here, the degree of the positive taper of the 
^ing roller 2 is defined as follows with the outer 
diameters An and B at the opposite ends of the maximum 
sheet prooessing width of the fixing roller 2 and the 
outer diameter C at the centra portion of the maximum 
sheet processing width of the fixing roller 2, 
Positive taper degree = c - (A*B)/2. 
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That is, the degree of the positive taper is 
calculated in the same manner as n Embodiment 1. 

The taper may start from the longitudinal 
center of the fixing roller 2, or the central portion 
of the fixing roller 2 may be made substantially 
straight, and the taper may start from points slightly 
away from the center, depending on the nature of the 
fixing device. 

In the embodiment , when the degree of the 
positive crowning is the same as the degree of the 
positive taper, the width of the fiat surface 
configuration of the fixing nip N is larger at the end 
portions than in the central portion. This is 
accomplished by the substantially straight 
15 configuration in the central portion (1/3 of the 

maximum sheet processing width) of the fixing roller 2 
and by the taper configuration at the opposite end 
portions (approx. 1/3 at each of the end portions) of 
the fixing roller 2. 

Using a fixing device 101 having a maximum 
sheet passage width is 297mm ((A3 paper longitudinal 
sheet feed), recording materials P carrying unfixed 
toner images T were processed under the conditions of 
the recording material feeding speed of I04nnn/sec. the 
total pressure of the pressing mechanism K (total of 
the pressures at the opposite ends) of 300N (approx. 
30Kgf), the surface temperature of the fixing belt of 
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180°C. c 

The fixing roller 2 had a positive tapered 
configuration, as showil la F±eure g (&) ^ ^ 

central portion outer dimeter c of 30mm, the end 
Portion outer diameter a=b of 29.7mm. the pos±tlve 
taper of 300pm. and the pressing roller had a straight 
configuration with the outer diameter of 40mm at the 
central portion and the end portions. With this 
combination providing the nip conf juration having a 
relatively larger diameters at the end portions as 
shown in Figure 6. (b, , continuous fi x i ag operation 
for full-color image were carried out. and the 

glossiness difference ho. 

xerence between the central portion and 

the end portions did not increase, and the paper 
crease did not occur. 

When the positive taper is formed in the 
fixing roller 2 by abrasion, the abrasion operation is 
easier because it is straight as contrasted to the 
case of the positive crowning configuration, and 
therefore, the manufacturing time and the cos L can be 
reduced. 

Embodiment 3 

Referring to Figure 8. the description will 
be made as to Embodiment 3. 

In Embodimens 2 and 3 . the fixing belt x ls 
extended around the fixing roller 2 and the heating 
roller 3 (two-shaft type,. The present lnvention ^ 



-33- 



lIiree sftaft structure using an 
aUXUUry flXlttg «»•"■ ». - snown i„ Flgttre 8 , w±th 
WMCh the Width ° f ""I- the nip n is relatively 
larger, and the amount of heat applied to the 

recording material P nn/f +1 * 

1 F Bnd the toner image T is larger. 

The description will be Bade as to. 
As shown in Figure 8, the auxiliary fixing 
roller H (second supporting member) l s pressed 
against the pressing roller 4 with a predetermined 
Pressure such that pressing roller 4 is wrapped by the 
fixing belt i, by which the width of the fixing nip n 
is increased to increase the heating time for the 
recording material P and the toner image T. thus 
enhancing the fixing property. 

The auxiliary fixing roller n may have a 
mul Li-layer structure comprising a metal roller such 
as aluminum. sLeel or the li ke roller, coated with a 
neat resistive elastic layer, similarly to the fixing 
roller 2. m this embodiment, the use is made with a 
steel roller havlng an outer Qf ^ 

is coated with a silicone sponge having a th lckness of 
2mm to provide an auxiliary fixing roller 11 havlng a 
hardness of 45* (Asker , c) and an Quter diameter ^ 

l4mm ' tberMal conductivity of the silicone sponge 

being 0.08[w/(m.°C) ] . 

In this embodiment, the outer diameter in the 
central portion is l4mm , and the outer dlajnetera at 
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the opposite end portions are 13. 7mm . Therefore the 
positive crowning degree is 300pm. The positive 
crowning ratio is O. 3/13. 7 ,100-8.19*. The shaft 
Portion which i s influential to the bending due to the 
Pressure is made of metal as with the fixing roller 
Since the outer diameter thereof is smaller than that 
of the fixing roller, the bending by the same pressure 
is larger. ln vlew of thls> ^ ^ ^ 

-tio of the „ ip widths at ^ ^ ^ 

end portion being substantially the same as the nip 
width by the fixing roller 2. the degree of the 
crowning is preferably larger ^ ^ 

rn order to provide an equivalent pressure in 
the rotational direction in the fixing nlp N in F±gure 
8. an urging member 12 may be provided between t 
fixing roller 2 and the auxiliary fixing roller 11 . 

The auxiliary f ixlng roller „ may ^ 
disposed upstream or downstream of the fixing roller 2 
-1th respect to the feeding direction of the recording 
material. In this embodiment, it is disposed i„ the 
upstream side. 

Similarly to Embodiments 1 and 2 . the 
Pressing roller has a straight eonf iguration . and the 

r ° ller Z and »uxin ary rixmg roner have 

the positive crowning configuration or positive taper 
configuration, by which the nip configurations have 
larger widths in the end portions than in the central 
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portions, respectively. B y thi S . the glossiness non- 
uniformity in the longitudinal direction can be 
prevented even in the continuous fixing operation 
while preventing production of pape r crease. 

The degree of positive crowning and the 

degree of the positive innpr 

*^ e »-aper of the auxiliary fixing 

roller 11. similarly to the fixing roller 2, are 
calculated as foUows with the outer diameters G and H 
at the opposite ends of the maximum sheet processing 
width of the fixing roller 2 and the outer diameter I 
at the central portion of the maximum sheet processing 
width of the fixing roller 2. 

The degree of posi Live crowning or positive 
taper = I - (G+H)/2. 
(Others) 

1) in the foregoing, the description has been 
made with respect to the embodiments of the present 
invention. Various values in Embodiment 1-3 are only 
examples, and may be determined by one skilled in the 
art in consideration of natures of the image heating 
device and the image forming apparatus. 

2) the present invention is not limited to 
the application to a fixlng devlce , but ±g , ppllcable 
to another belt heating apparatus. 

3) the fixing belt 1 in the form of a 
flexible movable member is not limited to the endless 
type as. in the embodiments, but may be a rolled non- 
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endless member which Is taken out and used and 
rewound . 

4) the heating structure of the fixing belt 
which is a flexible movable member may be different 
from the heating roller 3 in the above-described 
embodiments, more particularly, other inside heating 
means or outside heating means are usable. m 
addition, the fixing belt 1 fflay be provided with an 
electromagnetic induction heat generation property 
layer, wherein an alternating magnetic field is 
applied to Lhe fixing belt 1 so that belt per se 
generates heat by induction heat generation. 

5) usage of the image heating device of this 
invention is not limited to the image fixing device, 
but is applicable to a temporary fixing device for 
temporarily fixing an unfixed image on the recording 
material, a surface property improving device for 
improving the surface property of the recording 
material having the fixed image, and the li ke . 

6) in the foregoing embodiments, the belt is 
contacted to the unfixed image, but the belt may be 
contactable to the side of the recording material 
opposite the side carrying the unfixed image. 

Even if the thermal expansion occurs in th e 
elastic layer of the pressing roller, the change in 
the nip width in the longitudinal direction can be 
minimized- 
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While the invention has been described with 
reference Lo the structure, disclosed herein, It Is 
not confined to the details set forth and this 
^Plication is intended to cover such modifications or 
changes as may come within the purpose of the 
improvements or the scope of the follow^ cZaims 
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